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Remarks/Arguments: 

Claims 18-28, presented hereby, are pending. 

Claims 1-17 are canceled, without prejudice or disclaimer. 

Present claims 18-20 contain the subject matter of claims 1 and 9, to, inter alia, limit the 
supporter cells, as well as the vectors used to transform the supporter cells, to specific embodiments. 
Present claim 21 limits claim 3 to the addition or removal of substances and/or heat as the external 
signal. While the former is properly exemplified in the specification by the use of a tetracycline 
inducible expression system, a person skilled in the art will readily understand that the latter feature 
refers to the various members of the family of heat shock promoters. These promoters are activated 
after a cell is exposed to heat-induced stress and are well known in the art, as shown by the enclosed 
on-line textbook excerpt of Biochemistry > s 5* edition, by L. Stryer et al. 

Claims 1-11, 13, 14, and 16 were rejected under 35 U.S.C. 11 2, first paragraph, as allegedly 
lacking enablement Reconsideration is requested in view of the new claims presented hereby. 

Present generic claim 18 provides for the use of specifically named supporter cells, in the 
method of growing stem cells as claimed; which, in the cases of keratinocytic stem cells (Examples 
1-5) and tracheal epithelial cells (Examples 6-8) are described in detail in the instant specification. 
Based on these examples, a person skilled in the art is readily enabled to work the presently claimed 
invention with the other cell types named in claim 18- 

The rejection further questioned whether embryonic stem cells can be cultured using the 
method according to the rejected claims and whether the differentiation into various specialized cell 
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types can be effected at will. In this context the parameter of cell morphology, alone, is allegedly 
deemed insufficient to prove maturation of the stem cells into terminally differentiated cells. 

To address the foregoing allegations submitted herewith are publications of Muth et al. 
("Cell-based delivery of cytokines allows for the differentiation of a doxycycline inducible 
nlignrtandrocyte precursor cell line in vitro* 7 J. Gene Med. 3. 2001. 585-598) and Elmshauser et al. 
("Characterization of a mouse tet-on glia precursor cell line in vitro and in vivo using the 
electrophysiological measurement", Journal of Phvsiolopv-Paris. 96. 2002, 329-338). Both 
references describe the culturing of a glial precursor cell line in vitro and its differentiation into 
oligodendrocytes and astrocytes after the addition of feeder cells. The undifferentiated stem cells 
are extensively characterized using, inter alia, antibody staining and electrophysiological 
measurements via the patch-clamp technique, confirming that the cells display the characteristics of 
stem cells. 

Attention is specifically directed to Table 4 of the publication of Muth et al. and Figure 3 of 
the publication of Elmshauser et al. Muth Table 4 and Elmshauser Figure 3 show that the addition 
ofhuman interleukin-3 secreting feeder cells and human interleukin-6 secreting feeder cells resulted 
in differentiation of the stem cells; whereas, the addition of non-cytofcine secreting feeder cells led 
to the proliferation of the stem cells without stem-cell differentiation. 

The methods of culturing stem cells described in both publications are used in embodiments 
of the presently claimed invention, thus proving that stem cells can be cultured and induced to 
differentiate, at will, using the method as disclosed and claimed in the present application. 

7 
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Claims l s 9 9 11, 14, and 16 were rejected under 35 USC 112, 2 nd % for allegedly being 
indefinite. Reconsideration is requested. 

The present claims resolve the issues raised concerning "expression system" and "molecular 
bred" and "such as." 

The allegation of unclarity of the term "spore-like M stem ceil is incorrect, as the term is 

defined in the passage of the instant specification starting on page 3, last paragraph to page 4, fourth 

paragraph. The Examiner's definition of a claim limitation cannot conflict with the definition given 

in the specification. In re Zletz, 13 USPQ2d 1320, 1322 (Fed. Cir. 1989). The examiner must use 

the specification definition in construing the claims for comparison with the prior art. 

When the applicant states the meaning that the claim terms are intended to 
have, the claims are examined with that meaning, in order to achieve a 
complete exploration of the applicant's invention and its relation to the prior 
art. 

Zletz, 13 USPQ2d at 1322. 

Claims 1-1 1, 13, 14, and 16 were rejected under 35 USC 102(b) as allegedly anticipated by 
EP 0 753 574 Al (Emerson). Reconsideration is requested in view of the present, newly submitted 
claims. 

Emerson fails to disclose or suggest the specific supporter cells to which each of the present 
claims is limited. Instead, Emerson uses transfected fibroblasts, together with the stem cells and 
a suitable culture medium (Emerson, column 2 a line 33, and column 10, line 9). The absence from 
a prior art reference of a single claim limitation negates anticipation. Roister Speedsteel ABv, 
Crucible Inc.) 230 USPQ 81 (Fed. Cir. 1986). A reference that discloses "substantially the same 
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invention' 1 is not an anticipation. Jamesbuty Corp, v. Litton Industrial Products, Inc,j 225 USPQ 
253 (Fed. Cir. 1985). To anticipate the claim, each claim limitation must "identically appear" in the 
reference disclosure. Gechter v. Davidson, 43 USPQ2d 1030, 1032 (Fed. Cir. 1997) {emphasis 
added). 

Furthermore, Emerson, does not disclose or suggest a regulatable expression system that is 
started or stopped by the application of an external signal, as recited in the present claims. There is 
no hint in the experimental section of Emerson, starting in column 9, line 15, that the secretion of 
GM-CSF and IL-3 by the transfected fibroblasts is in any way externally regulatable. According to 
Emerson's description of the experiment, the transfected fibroblasts are transferred into culture and 
start secreting GM-CSF and IL-3 right away, without the addition or removal or any other 
substances. In contrast, the transformed supporter cells according to the presently claimed invention 
will start/stop the secretion exclusively in the presence/absence of an external signal and, therefore, 
are rightfully labelled regulatable . 

Moreover, the presently claimed method offers several maj or advantages over the state of the 
art. Normally, non-regulated supporter cells need to be stopped from synthesizing DNA and from 
subsequent cell division. This was, usually, achieved by exposing a medium containing the 
supporter cells to high energy radiation or toxic chemicals. Irradiating supporter cells requires 
sophisticated equipment and usually results in subsequent apoptosis and necrosis of the supporter 
cells, which then release toxic substances into the medium. The released toxins, in turn, may 
interfere with growth of the stem cells. 

9 
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Exposing the supporter cells to toxic chemicals requires extensive washing to avoid carry- 
over of the toxic chemicals into the medium housing the stem cells. Consequently, this constitutes 
a laborious and expensive procedure. 

Furthermore, both exposure to radiation and exposure to toxic chemicals require a huge 
amount of back-up supporter cells. These back-up cells must be inserted into the culture once or 
twice per week, creating a recurrent disturbance for the growing stem cells. 

The presently claimed invention provides a solution to these disadvantages, i.e., by 

employing supporter cells 4 while requiring neither the exposure to radiation or toxic chemicals, nor 

the continuous replenishment with back-up supporter cells, discussed above. DNA synthesis and 

cell growth of the supporters is controlled by the presence or absence of an external signal, which 

is not harmful to the stem cells. This results in prolonged lifetime of the supporter cells, and, thus, 

regular exchange of the supporter cells is avoided. 

Request for Acknowledgment of 
Foreign Priority Under 35 USC 119 

A claim to foreign priority under 35 USC 1 19 has been made to EP 991 16533.3, filed August 

24, 1999 (inventorship declaration of record, filed June 13, 2002) and the certified copy of the 

priority document was filed June 13, 2002 (copy of receipt card date-stamped "JUN 13 2002" 

attached). 

Accordingly, request is made that the Examiner mark the next Office Action to acknowledge, 
both, the claim to §1 19 priority and receipt of the certified copy. 
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28.2.5. Multiple Transcription Factors Interact with Eukaryotic Promoters 
The basal transcription complex described in Section 28.2.4 . initiates transcription at 
; a relatively low frequency. Additional transcription factors that bind to other sites are 

required to achieve a high rate of mRNA synthesis and to selectively stimulate 
specific gepes. Upstream stimulatory sites in eukaryotic genes are diverse in 
sequence and variable in position. Their variety suggests that they are recognized by 
many different specific proteins. Indeed, many transcription factors have been 
isolated, and their binding sites have been identified by footprinting experiments 
(Figure 28.22) . For example, Sp1 % an - 100-kd protein from mammalian cells, binds 
to promoters that contain GC boxes. The duplex DNA of SV40 virus (a cancer- 
producing virus that infects monkey cells) contains five GC boxes from 50 to 100 bp 
upstream or downstream of start sites. The CCAA T-binding transcription factor {QTV\ 
also called NF1), a 60-kd protein from mammalian cells, binds to the CAAT box. A 
heat-shock transcription factor (HSTF) is expressed in Drosophila after an abrupt 
increase in temperature. This 93-kd DNA-binding protein binds to the consensus 
sequence 

5* -CNNGAANNTCCNNG-3 ' 
Several copies of this sequence, known as the heat-shock response element are 
present starting at a site 15 bp upstream of the TATA box. HSTF differs from a 32 , a 
heat-shock protein of E> coif (Section 28.1.2) , in binding directfy to response elements 
in heat-shock promoters rather than first becoming associated with RNA polymerase. 
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Abstract 

Baclcgrormd Stem cells, having die property of self renewal, offer the 
promise of lifelong repair of damaged tissue. However, somatic tissne- 
commined primary stem cells are rare and difficult Co expand in vitro. 
Genetically modified seem-like cells with the ability do expand conditionally 
provide a valuable tool with which to study seem cell biology, especially the 
cellular events of proliferation and differentiation. In addition, stem cells may 
be appropriate candidates for therapeutic applications. 

Methods Double transgenic mice possesing SV40 T antigen (Tag) under the 
control of the reverse tettacydine-transa c q ya tor (jtTA) were used to establish 
cell lines. One brain cell line was partially characterized by DNA sequencing, 
morphology, antigen expression using flow cytometry, confbcal microscopy, 
and electrophysialogy using the patch damp technique. Cell cycle analysis 
was performed using propidium iodide staining; cell viability and H 3 - 
thymidine mcoiporarion assays. The ability of this cell line to differentiate 
was assessed by confbcal microscopy following ccnailture with stem cells 
secreting cytokines. 

Results We report here die establishment and partial characteriaanon of a 
cell Hne derived from the brain tissue of HTA.-SV40 Tag transgenic mice. 
Analysis of me morphology and antigen markers has shown that this cell line 
mimics some aspects of primary glial precursors. The results of electro- 
physiology are consistent with this and suggest that the cell line is derived 
from 02A glial precursor cells. Cell cycle progression of this ceU line is 
doxycycline-dependent. In the absence of doxycycline, cells become 
apoptotic. Differentiation into mature type 2 astrocytes and (precursor) 
oligodendrocytes can be induced upon withdrawal of doxycycline and 
addition of epithelial stem cells secreting cytokine, such as hIL3 (human 
Intezleukme 3) or hIL6 to the culture. In contrast, c^-enkuring with hCNTF 
(human Ciliary NeuroTrophic Factor) -secreting epithelial stem cells did not 
induce mem to mature into progeny cell types. 

Conclusion The differentiation of this 02A glial precursor line does not 
occur automatically in culture. Additional external help is required from the 
cell-based delivery of appropriate transgenic cytokines. Withdrawal of doxy- 
cycline from the culture medium removes the proliferation signals and induces 
a faral outcome. Copyright © 2001 John WHey & Sons, Ltd. 

Keywords proliferation versus different! arion; doxycydine inducible stem/ 
precursor cells 



Copyright © 2001 Jat*o Wiley & Sons. Ltd. 
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introduction 

Stem cells exist for the lifetime of an organism and can 
renew themselves for maintaining the stem cell pool and 
can differentiate to progenies with limited lifetimes for 
organ-specific functions. Stem cells may be totipotent like 
mouse embryonic seem, cells, pluripotenx Hkc hemato- 
poietic stem cells and neuronal-glial stem cells, or 
unipotent like keratinocytic stem cells. Somatic stem 
cells are rare and often quiescent. They can become 
cycling precursor cells. Stem cells may also be plastic and 
may migrate freely [11. Until now it has been quite 
difficult to grow these rare somatic stem cells. Recently 
mere have been major breakthroughs. Conditional 
expansion of some lineages of stem cells has become 
possible and this provides a very promising tool for stem 
cell based tissue therapy. 



Neuronal and glial stem/precursor 
cells 

Neurodegenerative Afceaw of the central nervous 
system CCNS), such as Parkinson's disease, are due to 
a defect in dopaminergic neurons. Motor function in 
PaikLoson*s patients was recently restored by fecal 
human brain cell transplantation. MuMple sclerosis is 
a demyelinarion disease of unknown cause, Amnimmune 
destruction of myelin kills the oligodendrocytes that 
form myelin and also neurons. In animal models of 
demypUnanon, transplantation of oligodendrocyte seem/ 
precursor cells produces many functional oligodendro- 
cytes' Thus glial stem/precursor cell transplantation is 
thought to be the most promising way to treat 
neurodegenerative diseases. As only cell replacement 
will restore lost function, cell transplantation is crucial 
for treating such diseases. The discovery of CNS Stem 
cells in rodents and human fetuses opens new prospects 
for neural cell transplantation, although low availability 
and ethical problems weigh against using nmnnn feral 
CNS stem/precursor cells [2-4]. Precursor cells of 
rodent or fetal human origin mat are destined far 
neuronal and glial lineages can be cultured in suspen- 
sion. More specifically, spheres of brain stem cells can 
form, and expand, in a senrm-iree medium containing 
factors such as EGF, bFGF-2 and LEF. Glial stem cells 
seem to require bFGF, PDGF and GDNF for growth and 
differentiation. There are controversial reports on the 
effects of CNTF and NGF on glial CftHs. Several markers 
are available to characterize these cells at different 
stages of ditferentiation [5], Rodent and human fetal 
stem/precursor cells are quite easy to expand in culture, 
while human adult seem/precursor cells are ememely 
difficult to grow, since they do not respond to soluble 
factors so far examined [6]. There are several rodent 
cell lines available [7-93, possessing certain biological 
properties mimicking primary glial and neural stem/ 
precursor cells. 



Tet-on system 

A tightly regulated inducible system is required for the 
study of spatial and temporal gene expression, A limited 
amount of gene expression under denned conditions is 
desirable in many applications. Although numerous 
inducible systems are currently available ex vivo, very 
few behave as expected. Common problems encountered 
include Ieakiness, toxicity and positioned effects. 
Recently, the tetracycline regulatable/depen^ent system 
has become popular, because it offers me promise of 
regulatable gene expression in vitro and in vivo . It exists as 
wo systems, the ret-off [10] and tet-on [11] systems, In 
the teracycHne inducible vector, the gene of interest is' 
placed under me control of a tetracycline responsive 
element Cost-operator) upstream of a mirriTnal promoter 
Ctk)- The ge&e is transcribed when the activator rtTA (the 
reverse ter-repressor fused to the VP16 activation 
domain), which is driven by a ubiquitous promoter-tk, 
binds to the tet-operator in the presence of tetracycline 
and its analog, doxycycline. 

Controversial reports of current doxycyclme inducible 
systems and the subsequent modification 10 improve the 
existing tetracycline inducible system have been docu- 
mented by us [1] as well as by others. We report here 
partial characterization of one cell line derived from the 
brain tissue of the crossed offepring of tet-uiducible 
transgenic mice using the original vector. The rtTA mice 
were made from the doxycychne inducible tk-rrTA 
plasmid vector [11,12] and the responding mice contain- 
ing reporter transgenes were made using the teio-SV^O T 
antigen plasmid vector [13], Despite some negative and 
controversial data using this inducible system, this cell 
line behaves as expected. Trans genes axe expressed under 
permissive conditions in the presence of doxycy cling, and 
are not expressed without dcocycydine. 



Materials and methods 

Culture condition for cell growth 

Cells were grown in complete RPMI-1640 (Gibco) 
supplemented with 10% heat-inactivated, preselected 
fetal calf serum (Boehxmger» Mannheim), and freshly 
prepared doxycydine at 1 pLg/mL Cells were passaged 
Weekly, following tiypsinkation (Gibco), to detach cells 
from plastic culture petri dishes and transfer to new 
dishes. The cultures were kept at 37*C in a humidified 
incubator with air and 5*6 CO* 

PGR and DNA sequence analysis 

1 x 10 4 cells were harvested from culture, washed once 
with PBS, resuspended in 100 ul H 2 0 3 boiled for 15 min 
and then frozen at — 20*C 

Primers of rcTA-5' (S'-OAATTCATATGTCTAGATTAG 
AT-33 and rtTA^' (5 '-£AjCCTTGGTGATCAAATAATTC-3 0 , 
were used to analyse the rtTA motif yielding a fragment of 
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Tet-on Glial Precursor Call Line 

55 1 bp corresponding to the itTA sequence position 
766-1317 in plasmid pUHD17-l (III]; sequence acces- 
sion; C<<hnp://ww^mbh,uni-heid6lberg.de/Bujard/ 
rtTA/pUHG17-Umn TARGET = *_blank" :> htcp://www. 
zmriri.um^ieideIberg.de/Buj^ >) . 

PGR conditions were the following: to 1 ul of boiled 
cells were added 1 ul of 10 x reaction buffer (Promega, 
Madison), 2 ul each of the cwo primers, 2 ul of dNTP 
mix (2-5 hl\0, 2ul of 2.5 m MgCfe, 02 yl of Taq 
polymerase (Promega,, Madison, 5 units/ul) and 17.8 ul 
H 2 D. PGR conditions were: 94°C for 0.5 min, 57*C far 
lmin and 72 q C for 1 min, for a total of 35 cycles. 
After die PGR reaction, DNA amplified from the 
transgenic cells was subjected ro analysis, using 2% 
agarose gel eletropboresis. The DNA sequence was 
derived from the PCR fragment directly from both ends 
by using die primers rrTA-5' and rtTA-3', by custom 
sequencing. 

Cell morphology upon limiting dilution 
experiments 

limiting dilution experiments were performed to select 
single cells in individual wells of 96-weH flat boramed, 
tissue culture plates CRenner, Parmstadt-SchaaenmeinQ 
and to follow the fate of single cells based on morphology. 
Ten-fold dilutions of cells in culture medium, starting 
from a concentration of 1 x 10 6 /ml, were seed edina row 
of 12 wells in 96-Well tissue culture plates. Serial dilations 
were made until single or no cells had been achieved in 
the wells [14,15]. Cell morphology was examined and 
recorded every three days for 21 days. 

rmmnnostaltifng and FACS analysis 

Cells were stained with (monoclonal) antibody (mAb) of 
gHal and neuronal lineages, and FTFC-labeled second 
antibody. Cells were fixed with 4% paraformaldehyde and 
permeabuized wim 0.1% saponin ar room temperature 
CRT) for 30 min each for intracellular staining. Cells were 
washed with PBS twice in between. Then, 10% FCS in 
PBS was used to block non-specific binding to cells at RT 
for 30 min. Unless specifically indicated, antibodies used 
in this study were diluted 1 : 100. In all solutions for 
making dilution of antibodies, 10% FCS in PBS was 
included to block non-specific binding to cells, mAb's used 
for FACS were the following; 513; mlgG Cmouse IgG) 
anti-513 (gift of J. Trotter, 1 :20 dilution) and FITC. G- 
(GoaO anti-mlgG (Jackson, West Grove); A2B5: mlgM 
antL-A2B5 GJoehringer, Mannheim, S ufi/ml) and FITC-G 
anti-mlgM F(ab)^ (Silenus, Hawthron); 04: mlgM anti- 
04 CBoehringer, Mannheim, 10 u$AnD and FITC-G anri- 
mlgM F(ab)*2; 010; mlgM anti-O10 (gift of J, Trotter, 
1 : 5 dilution) and FITC-G anti-mlgM FCab)^; 01: mlgM 
anti-Ol (gift of J. Trotter, 1:S0 dilution) and FITC~G 
anti-mlgM P(ab)'2; Oct 6: R CRabbit) feG anti-Oct 6 
(rabbit anti-recombinanr Oct-6 protein and preabsorbed 
using Octamer proteins, gift of fi. Sehoekr, 1:1000 
dilution), and FITC m anti-R IgG (SBA, Birrningham); 
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GFAP: mlgG anti-GFAP (glial fibrillary acidic proteins, 
Boehringer, Mannheim) and FITC G anti-mlgG (SBA, 
Binaingham); NF68KDa: mlgG anri-NF6SKda (neurofila- 
meat 68 KDa» Boehxinger> Mannheim) and FITC G anti- 
mlgG. Stained cells were measured and analyzed using a 
Becton Dickinson FACS scanner. 

Immtino staining and confocal 
microscopy 

For measuring the expression of antigens in the cells, we 
performed antibody-specific immunofluorescent labeling 
and evaluated using confocal microscopy. Cells were 
seeded onto cuverslips and cultured for two days before 
the evaluation. Cells were fixed with 4% paraformalde- 
hyde in PBS at RT for 30 min, washed twice wirh PBS 
(in between steps), nonspecific binding sices were 
blocked with 2% FCS in PBS at RT for one hour, then 
stained with the following antibodies: anti-SV40 T antigen; 
m IgG2a anti-SV40 T antigen (Santa Cni£ Biotech, 
California)* biotm-G anti-mIgG2a (SBA, Binmngham)^ 
and FITC-strepcavidin (Amersham, Amersham). After- 
wards, the covershps were embedded in Movjol contain- 
ing 100 ug/ml DABCO (Vectashield, Bector, Buriingame). 

Neuronal lineage was identified with NF66KD: mlgG 
ami-NF6SKDa and FTTC-G ana-mlgG; OMP (olfactory 
membrane protein, [16]): G anti-OMP and Texas Red 
(tR) R anti-G IgG (Jackson, West Grove); nestim mlgG 
anti-nestin (gift of E. Catraneo, 1 : 1 dilution) and FITC G 
anti-mlgG for precursors. Glial lineage was identified with 
GFAP: mlgG anti-GFAP and FTTC-G anti-mlgG; 04: mlgM 
anaV04 and FTTC-G anti-mlgM F(ab02; 513: mlgG anti- 
513 and FTTC-G anti-mlgG; A2B5: mlgM anti-A2B5> 
biotin-G ann-mlgM F(ab)*2 and TR-srreptavidin; GalC: 
mlgG anti-GalC (Galacrocerebrosid, gift of J. Trorxer, 
1:10 dilution) and FlTC-G anti-mlgG; 06: RIgG anti- 
recombinant Oct-6 protein and FTTC-m anti-R, or TR-G 
anti-R IgG. 

TmTmiTi ofhiorescence was evaluated using confocal 
scanning laser microscopy. A Leica DM IRB£ mirroseope 
equipped with a 63 x Plan Apochrojnate objective was 
used in this study- Analysis of the antigens, stained by 
using the TR- and FITC-Iabeled secondary antibodies was 
performed by using the TRJTC- and FITC-fittings at a 
pinhole size of 0.45. Relative amplification of the FTTC 
and TRTTC emissions was 1 : 0,97. Laser excitation energy 
and amplification of FITC and TRTTC tmmn^ were left 
constant within each experiment ro allow the comparision 
of the different samples. 

Electrophysiology 

For electrophysiological recordings coverslips with 
adhered cells were placed in a chamber mounted on 
the stage of a Zeiss microscope (Axioplan, Zeiss, 
Oberkochen, Germany) and fixed in the chamber using 
a U-shaped platinum wire. The chamber was continuously 
perfused with HEPE5 buffered barh "solution and 
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substances were added by changing the perfusate. 
Membrane currents were measured wfth the parch- 
clamp technique in the whole-cell recording configuration 
[17]. Current signals were amplified CEPC-9 amplifier, 
HEKA, Larobrecht, Germany), filtered at 3 kHz and 
sampled at 5kHz by an interface CHEKA) connected to 
a PC system, which also served as a gomulos generator. 
All parch clamp data analysis was performed using the 
WinTida software package (HEKA). The resistance of the 
patch pipettes was 5-6 M. Hie bathing, solution contained 
On mM) NaCi, ISO; KCl, 5.4; Cad* 2; MgCI 2 1; HEPES, 5; 
and glucose, 10. The pH was adjusted wim NaOH to 7.4. 
The pipette solution contained (in mM) KCl, 130; CaCk, 
0.5; EGTA, 5; MgCfe, 2; HEPES, 10, Ca a + activity was 
calculated to be approximately 11 am. The pH was 
adjusted with NaOH tso 7.2 [18,19]- 

Cell cycle analysis 

Cell cycle analysis was performed on cells harvested after 
stimulation with, doxycydine for 2-8 days* Cells were 
fixed with 4% paraformaldehyde, permpahfljyed using 
0.1% saponin, and incubated with a propidium iodide 
(50 tig/rnO and RNase (25 Kg/ml) solution tor 30 sun ax 
RT. Flow cytometry analysis was performed on FACScan 
(Becton Dickinson). A total of 10 s cells in each sample 
were acquired. (Cell doublets were excluded on FL2- 
width/PL2-area dot plots). The studied cells were selected 
by gating FL1 positive cells. Events were plotted on a one- 
parameter histogram on a linear scale, The percentage of 
cells in each region (Go/Gx, S, G2/M) was determined 
with the MODFIT LT 2.0 program (Becmn Dickinson). 
Results were expressed as die percentage of cells in a cell 
cycle compartment [19a]. 

I^^tfiymidine incorporation, assay 

1x10* cells were cultured in triplicates for four days 
in 96 well microliter plates (Costar, Cambridge, MA), 
in 100 ul of RPMI 1640 complete medium with 10% 
FCS. The [H 3 ] deoxythymidine (dThd) was added from 
day 3 to day 4. [H 3 ] dThd incorporation was measured 
following a 16 h pulse. The data were expressed as mean 
of triplicate cultures, SD<l(K4 foot shown). 

Cell viability assay 

Cell counts were performed following the protocol - 
described in [20] using a Hemacytometer. The viability 
was determined by trypan blue exclusion. Percentage 
viable cells -number of viable cells/number of viable 
cells + number of d>ad cells x 100%. 

Co-culture glial precursor cells and 
growth factor secreting feeder cells 

Cells were seeded Onto glass coverslips to achieve 70% 
confluence after two days, Coverslips of two sets Of cells 
were placed in 10 ml petri dishes so mat there was no 
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direct contact between coverslips. Cells were co-culmred 
in 10 ml of RPMI complete medium with 10% FCS 
(Boehrmger, Mannheim, Germany) for nine days. Cells 
were then harvested, washed with PBS, fixed with 4% 
parafonnaldehyde in PBS and stained with FITC or TR 
labeled mAbs against epitopes expressed in the gliogen- 
esis lineage, as described in the section of conibcal 
microscopy. The feeder cells were doxycydine regulntable 
mouse epithelial stem cell lines and included the 
untransfected and the hCNTF-, hH3-, or hIL6-stably 
transfected and secreting cell clones [Qrnshaeuser et aL, 
submitted]. SI and S2 jurfLities are aya&abk in the 
Institute [Akr&uxzchen (S2): 32*67/530 06.05.02G, 
UniGIl/9S, (Si): 32-S3e62l-GznA-UniGI 1/90}. 



Results 

Isolation of a cell line from brain of 
rtTA x SV40 T antigen double 
transgenic mice 

Cells from 10 tissues of double transgenic mice carrying 
the pdc-rrTA x tete-PhCMV-SV40 Tag constructs were 
isolated. In die presence of doxyt^rcline, SV40 Tag is 
expressed and cells should be rendered immortal 
Conversely, in the absence of doxycydine, SV40 Tag is 
switched off and cells are apoptotic ox prone to 
differentiation Ctet*on system 1 )- Cells obtained from the 
embryonic tissues of these mice could be cultured for 
several months, but then perished. Three initial attempts 
to culture cells from such adult mice were unsuccessful 
We then obtained 10 tissues from an adult double positive 
mouse at the fourth attempt. Irniumiohistology staining of 
tissue cryosections revealed that 9 of the 10 tissues 
expresses SV40 Tag. However, only cells from five lands 
of tissue mat survived the weekly passage were still alive 
after three months. We report here partial characteriza- 
tion of one cell line established from the brain tissue 
of one such tet-on transgenic mouse. The rest of the 
tissues and cells were frozen, awaiting future worK 
Although we cannot yet estimate the frequency of 
establishahle cell lines from these double transgenic 
mice, Efrat has reported the development of £-ceU 
rumors to be 1-2% of the islets of rat insulin promoter 
CRIP) rTA X teto-PhCMV-SV40 Tag double transgenic 
mice [13]. 



DNA sequencing: of VCR products 

A PGR fragment containing the rtTA motif derived' 
from the DNA extracted from this cell line was seq- 
uenced. The sequences were compared with the pub* 
lished DNA sequences [11] and considered to be correct, 
as for the published data of Bujard's group (dam not 
shown). 

J Gene Maf 2001 : 3: 
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Tet-on Glial Precursor Cell Line 
Fate of single cells 

Under the microscope, two mam. morphological types of 
cells could be observed when cells were grown in 
conventional plastic perri dishes: (1) long cells with an 
elongated thin cell body, called long thin cells in this 
study; and (2) very flat cells with a round cell body, called 
round flat cells in this study. Single cells of either long 
thin or round flat cell type in individual culture wells were 
selected by limiting dilation experiments and their fate 
was followed. 

Mixed cell types were constantly present whenever a 
few cells were seeded in the wells, and they proliferated 
in a way similar to parentals. Single cells were present in 
some wells and their fare is represented m Figure 1: a 
long thin cell could round up to a flat cell over the 
observation rime of 21 days, and a round hat cell could 
become more radial (differentiated). The progeny of a 
long thin cell were either two long thin cells (symmetric 
division), or one long thin cell and one round flat cell 
(asymmetric division), or two round fat cells (symmetric 
division). The progeny of around cell were two round flat 
cells (symmetric division), or two long thin cells 
(symmetric retro-differentiation) . Since cell division 
occurs in a pattern of symmetric, asyrnmemc, and 
symmetric rarixo-divisions, it may provide a cellular 




Figure 1. A cartoon of ceU division pitttra wns drawn IjbsmJ 
On the morphology of the two cell types observed under tfce 
ttriccoscape, following the fete Of Single cell* in 
dishes, cultured far two weeks 
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basis for studying the molecular mechanism underlying 
such events. 

All single cells and their progeny survived 20 days, 
then, died after three weeks, while few or multiple cells 
continued to grow and could be passaged and expanded. 
The results suggest a cross-feeding effect between the 
cells and implies that autocrine cytokines play a role in 
supporting the growth of such cells, in addition to the 
doxycydine-dependent cell proliferation mechanism. 

Characterization of a doxycycline 
inducible cell line using flow cytometry 
and confbcal microscopic analysis 

The phenotype of the cell line was determined by staining 
with antibodies directed against known membrane and 
intracellular markers of glial and neuronal lineages and 
flow cytometry analysis. The data in Figure 2 show mat 
this cell line is O10+, 01+, 513"\ OT, Oct 6~, 

GFAP and NF6SKDa~. Among the positively stained 
cells, 33% were A2B5 + , 19,4% Were 010+ and 77% 
were 01 + . 

To further characterize for surface markers, cells were ' 
seeded onto coverslips and grown in medium with 
doxvcyeline for two days, irnmunostained and analyzed 
by confbcal microscopy. Figure 3 shows that most cells 
were 04* (panel 3), 04+ (green) Oct 6* (red) (panel 7), 
SV40 Tag 4 " (panel 5), OMP+ (panel 0), nestin - 
(panel 8), a few spindle cells Were also positive for GFAP 
(panel 2) and NF68kDa in cytoplasm. 

It is interesting that 04 was negative using cells freshly 
isolated from plastic pern dishes and analyzed by flow 
cytometry, and they were positive when cells were seeded 
onto glass coverslips for confbcal microscopy (Figure 3-3) 
and for electrophysiology (next section). It implies mat 
the glass surface triggered the differentiation of such cells 
from 04" to become 04*, Taken together, flow 
cytometry and confbcal microscopy analyses show thai 
these cells possess characteristics of glial precursor cells 
04- /+ , 01 + , O10+). 

Electrophysiological study of a 
doxycycline inducible cell line 

In order to further characterize this cell line, we 
performed electrophysiological measurements using the 
patch-damp technique. Cells were grown on coverslips 
for two days with or without doxycycline. For 22 of the 24 
cells investigated, a whole cell configuration could be 
achieved. These cells displayed a membrane potential and 
current patterns common to cultured glia cells (Figure 4). 
Some round fiat cells showed an oligodendrogUa-Uke 
morphology. The results of ejeorophysiology and mor- 
phology support the data for surface marker and biology, 
therefore these cells are likely to be of glia precursor cell 
lineage. It is most likely an 02A oligodendrocyte- 
precursor cell line. Figure 5 shows a possible location of 
this cell line in glio*genesis, 
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Figure 2. FACS analysis of ft cell line. Ceils were fixed witn 4% paraformaldehyde and pen&eabiLteed with saponin for Intracellular 
staining. Gdk were stained with FITC-labeled mAVs of glial and neuronal lineages. Panel A: anti-513, paool ?: arjE^AgBS, panel 
C: anrj-04, panel Di an&OlO, panel £: anti-Ol, panel Ft Aftti-Oqt 6> panel G: anct-GFAF. and panel H; *mri-NF6BKDo. 
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Figure 3. Confocsl microscopic photographs of a ceO line. Cell; were seeded onto coversUps and coltarad for euro dqys before 
the evaluation, OeDs were rinsed in PBS and fixed with 4% par&fbrmaldttytte in PBS, and £ttinod with the following antibo- 
dies: Panel l: NF66KDaj mlgG anoVNF68 fcDa sad FTTC-G annVralgG. Panel 2: G?A&; m-anti-GPAP aad FITC-G anxi-mlgG. 
Panel 04; ralgM anrf-O* and FTTC-G a&ttallgM 3P(abl2. Pondl 4: Oct 6; R-IgG *nti-Oct 6 and FTCC G-anrf-R IgG, Panel 5: 
UUS-5V40 Tag; mlgG 2a mit>SV40Tas, biorirt-G antHnIgG2o, and FITC-^iie^Lflvidin, Panel 6r second antibody control. Panel 7: 
04 and 06; anri-04 and IXTOG antMnlgM-FTTC Cgrcen), Rrand-0ct-6 and TR.-G zmti-R IjG (red). Note tfaa double Tahpfing 
(yellow -green pins red). Panel & nestin; mlgG flntVnnsrtn and FXTCG- arrd-mlgG. Panel 9; OMP; G-anti-OMP and Titan amri-G 
igG. Panel 10: negative control 



Cell cycle progression analysis using 
the propidium iodide staining method 

Cells were grown and passaged weekly with 1 ng/ml 
doxycydine included in the medium For cell cycle 
analysis, cells were harvested, washed twice with 
medium without dotycycline and cultured for 24 hours 



in the absence of dorycydine. Culture medium was then 
replaced with fresh medium, either medium alone or 
medium with 1, 3 or 10 jig/ml of doxycycline, and 
cultured for 2-8 days. Cell cycle analysis was performed 
as Indicated in the Materials and Methods section, As 
shown in Table 1, without dctfycydine in the medium, the 
percentage of cultured ceils in the S compartment is 




Figure 4* Electrophysiological and morphological prop e rties of 
a round fiat cell, The cell displays an oUgodendroylla-like 
morphology and is characterized by a symmetrical pattern of 
aorhiaacttoting outward and inward currents (dialed by de* 
and hypetpolariling voltage steps (from —160 to +20 mV}. 
The membrane was damped at — 70 mV. sacs denote 1 nA 
{vertical) and 50 ms (horteont&U 
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Ftgnre 5, Glioganesis: a dcocycydinc-indnoblc can line, possi- 
bly of 02A cells or the immedUoe progeny. The Imcngc deve- 
lopment of neuronal and glial cells are drawn as a cnrtooA, 
based on published data [5,2%] 
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Table 1. The effect of dflXycycline on tta drstribution of glial progenitor cans in the call cycle compartment in culture for 2 to 3 
days. Analysis of cell cycle progressing using the prapidlum iodide staining method 
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45.3% on day 2, 38.7% on day 3, 10.9% on day 4, and 
0% on day & Thus, after depleting do^cydine for 6 days, 
cells were no longer in the? S phase. Instead, they were 
found to t>e in the <VGi compartment (79.7% on day 8 
vs. 52.0% on day 2), an4 very significantly, in the Gj/M 
compartment (20.3% on day & vs. 2.7% on day 2). 

The concentration qf dorycydine in the culnire 
medium plays a critical role in cell cycle distribution. 
After 8 days cultaring with 0, 1, 3, 10 jig/ml of do:ry- 
cydinc, the percentage of cells in the 5 compartment is 
0.0%, 44,7%, 6.7% and 2.8%, respectively. Inclusion of 
1 p$/tnl of doxycycline in the culture medium drives cells 
into the S phase (44.7% compared with 0% in the absence 
of doaycydine). The distribution of cells in each compare* 
ment is rather constant of all time points measured, ranging 
from 25.4% to 49,5%. In fact, 1 ug/ml doxycydirie is the 
concentration used to propagate cells weekly fbr estab- 
lishing and fbr maintaining the cell line in culture, 

Doxyeytliae at 3 fig/ml in culture medium exhibits a 
Diphasic effect: a growth promoting effect in a short term 
(2~3 days) culture, and a growth inhibitory effect in a 
prolonged (3 days) culture. The concentration of 10 pg/ml 
of doxycycline is inhibitory at all time points measured. 

The above data indicate that rhis cell line depends on 
die presence of doxycycline in the culture medium fbr 
growth promoting effect. After 8 days starvation, no cells 
are in the S phase, they errher remain in the Go/G^ phase, 
or are retained in the G^M compartment In die presence 
of 1 ug/ml doxycycline, a great proportion of cells leave 
the Go/Gi and G^/M compartments to enter the S phase, 
die distribution of cells tn each compartment is similar to 
many other cell types measured. Increasing the concen- 
tration former, doxycycline becomes toxic to these cells, 

Cell proliferation usirjig H s -thymidine 
iacorporatioii assay 

The effect of different concentrations of doxycycline rn 
cell growth was further analyzed using ^-thymidine 
incorporation and cell viability assays. Cells were starved 
of dozycydme for 1 week, harvested and seeded in 
96-wdl culture plates overnight. The medium was 
replaced with either fresh mpriiirm alone, Or fresh 
medium with doxycycline. The concentration of doxycy- 
cline ranged from 0.1-30 ug/mL Cells were cultured for 
4 days and pulsed with ff 3 -thymidine from day 3 to day 4. 



As shown in Table 2, when 0-1 ug/ml of doxycycline was 
included in culture medium, there was a steady increase 
of ^-thymidine incorporated into the DMA of the tested 
cells. It reached a 34-fold increase, comparing €39 cpm 
per culture with 0 i^g/ml of doxycycline and 21 855 cpm 
per culture with I ug/ml of doxycycline, Increasing the 
concentration of doxycycline further in culture medium 
becomes inhibitory to cells, most drastically with 10 and 
30 u£/ml of doxycycline in culture medium. 

Cell viability using a trypan bine 
exclusion assay 

Triplicate cells in 9S-weU plastic tissue culture plates of 
concentration lxlOVml, 100 ul each, were cultured 
overnight The medium was replaced with fresh medium, 
or fresh medium with doxycycline of 1, 3 or 10 ug/mL 
Cells were harvested, and cell count was determined in 
the presence of trypan, blue in a hematocrit chamber on 
days 1 4 2» 3 and 8. As shown in Table 3, when the cell 
viability was measured on days 1, 2 and 3, There was no 
apparent difference between cells treated with 1 and 
3 ug/ml doxycycline (panels B and Q versus cells without 
doxycycline (panel A). The percentage of viable ceUs 
treated with 10 ug/ml of doxycycline on day 1 was lower 
than that of other concentrations, but the significance is 
not clear since the dam of other time points of this 
concentration were comparable to others. 

The results of propidium iodide cell cycle analysis, 
H^thynudme incorporation, and cell viability assays of 
these cells show that doxycycline at the appropriate 

Table 2. ^-thymidine incorporation assay. H^wnidine incor- 
poration assay of a nil fine cultured without and with doxycy* 
din* few -four days, r^-tnymidme was included la the culture 
from day 3 to day 4 for 15 hours. The concentration of doxycy- 
dlna was from 0-30 jig/m! In culture. The amount of H 9 -tf>ynu- 
dfne Incorporated into calls was measured and tht data art 
express*) as the average amount of r^thymkilriB Incorporated 
mto alls (cpm) of triplicate culture (mean±SD) 
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Tabta 3. Viability test. Ctll viability of a cell Una, based on a 
trypan blue exclusion assay, Triplicate culture mils were* each 
seeded with i xio* ceta In each well. Doxycydine of drffanept 
concentrations (0 r l, 3, ICpg/ml) was Included in the RPMI- 
1640 culture medium. Cells were harvested on days t, 2, 3, 4 
and A aft&j seeding, and (viable) cell numbers In «ach well 
were determined utfng a himatocrite chamber. The viability of 
cells was calculated from an avurage of triplicate wel|s, and 
the percentage was determined by tht formula: % viable 
«lls= viable number otf cells in well/total number of cells in 
well x100% 

vlabllhy <%) 
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concentration (1 jig/ml) induces these cells 00 enter the S 
phase from the Gq/Gi compartment and to leave the G2/ 
M compartment, the growth-promoting effect of doxycy- 
cline an tihis cell line is demonstrated by the increased 
percentage of cells in the S phase (Table 1) and the 
mcreased amount of tf-thymidine incorporated into DNA 
(Table 2)» but doxycycline does not affect cell viability 
CTable3). Higher concenrrgtions of doxycychae inhibit 
entry of cells inco the S phase and proliferation. Based on 
these biological criteria, this cell line is characterized to be 
a doxycydine inducible (tet-on) cell line. 

Differentiation of a glial precursor cell 
line in vitro upon withdrawal of 
doxycyclitie 

In order to address the question of proliferation versus 
diffeiczuiation, coverslips of glial precursor cells were 
cultured without dasytydine or with doxycydme* either 
alone, or with feeder cells also seeded onto coverslips. 
The coverslips were placed in the same petti dish at a 

Table 4. The effect of dojcycydln* and growth factor on the distribution of glial eon suhpopulation in co^ulturing. ftrcantafje of 
four glial cell subpoputatlons upon co-culatring of glial precursor cells with untransfecteqX cytoktnersecreting tet-off ftoder calls. 
Calls were seeded on coverslips and co-nurtured for nine days with or without dtucycyefine* Gial cells on cowslips ware har- 
vasttd, fmnmno5tained and evaluated under a fluorescent microscope 

Percentage t» of cell types 



distance so as co avoid direct contact between the two 
types of cells. The feeder cells were either an untrans- 
fected tet-off stem cell line, or tet-off stem cell lines 
secreting hCNTF, hIL3 or hIL6> After 9 days culture, the 
glass coverslips containing glial precursor cells were 
harvested, fixed and stained with fluorescent labeled 
mAb's for confocal microscopic image analysis. 

In cultures with doxycyeline (Table 4, lower panel), 
glial precursor cells did not yield etcher (jpreeursor) 
oligodendrocytes, or type 2 astrocytes regardless of the 
combination tested SO far, Le.> glial precursors alone, or 
co-cultured with untransfected tet-off feeder cells or with 
tet-off feeder Cells transfected with hCNTF, hIL6, hIL3, 
Cbut secretion was turned off by doxycyeline). 

As shown in Figure 6 and Table 4. curturing glial 
precursor cells in medium alone (without doxycyeline 
and without feeder cells) yielded 513 ~ A2BS - , round flat 
and dyiog cells, and the long thin A2B5* cells could not 
be detected Cdata not shown). 

In the absence of doxycycline but in the presence of 
untransfected or hCNTF-secretinp; feeder cells, glial 
precursor cells became 513", A2BS +/ ~ W , round flat 
cells. No long thin A2B5* cells could be detected. 

In cultures without doJtytytiine and in the presence of a 
htL6- secretins feeder cell clone, four types of cells could 
be detected (Figure 7). They are: (1) 02A cells possessing 
the A2B5+ marker, with long thin spindle morphology, 
representing a minor population (7%); (2) 513* 
precursor oligoderidrocytes, with large nucleus and round 
cytoplasm (Figure 6, left upper panel, 3 cells), represent- 
ing a major populaGon (42%); (3) type 2 astrocytes that 
are GFAP + A2B5 + with a smaR nucleus, large irregular 
cell body, representing 32Vo of the population; or (4) 
GFAP™ A2B5~ P a large nucleus and cell body, ameba-hlce 
cells (19% of the population). Thus, cells oo-cultured with 
hH6 secreting feeder cells differentiated into precursor 
oligodendrocytes and type 2 astrocytes. 
Four similar types of cells could be detected in cultures 



Doty* 


Type cf tet-off 
feeder cells 


OCgndertdrocyte 
(513 + andA2BS + '-) 


02A precursor 
(513~ and A2BS+) or 
intermediate progeny 1 
(513- and A2B5- /4 ^) 


Type 2 astrocyte 
CGFAP+ and A2B5+) 


Type 1 astrocyte 
WW"" end A2fl5~) 
and others (ameb>incej 


Without Doxy 


No feeder eefls 


0 


100 fdy^g) T 


0 


0 


ftftdtr allfi only 


0 


100 (round <affe) r 


0 


0 




hCNTHttdar cells 


Q 


>90 (round alls) 1 " 


0 


CB.10 (otter*) 




hue-feeder tills 


42 


7 


32 


19 




hlL3-feeder cells 


59* 


4 


42 


15 


WithOray 


Wo feeder cettj 


0 


100 


0 


0 


Feeder celts only 


0 


100 (roupd ceHs) 


0 


0 




hCMTf-feeder celjs 


0 


>90 {round ce^ 


0 


□CIO (others) 




hlL&ffittdsr cells 


0 


>90 {round cells) 


0 


cajo (otfcerc) 




hO-fMder celb 


0 


>90 {round alls 


0 


ca,10 (others) 



"Doity=ooxycydlr»e- 
fya Spindte celts found. 

Homa celts haue MAG-513+ IrvduSrOrt bodies on the surface (ptgqre 8(a)). 
'-f+w-mimis or weak plus. 
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Figure 6. Confbcal xaletMcapIc photographs of tpo fields of cells nine day* after eo-culturin* of glial prccortcm with. hCNTP- 
secreting feeders. tttfM aan%A2BS plus Hatta-G AwJ-mlgM P(*M'2 aad Iftrttxepttridin. 5X3: mlgG nnti-513 and FTTG-G 
aafrmtgG. One scale bar«lOjim 



of glial precursor cells grown without doxycycline and in 
the presence of an bJL3 secreting feeder cell done 
(Figure 6(a)). But the progeny is more mature than that 
derived from hIL6-red cultures- Namely, there are: (1) 
02A cells possessing rhe A2B5" 1 " marker and with a long 
thin spindle morphology, representing a minor popular 
tioa (4%) j (2) 5X3 + A2B5+ oUgodendrocytes with a 
large nucleus and elongated cell body and extended 
processes, representing 39% of the population. On the 
surface membrane of some such cells, rhieJc round MAG- 
513 + inclusions were observed* to Figure 7, left upper 
panel, 2 our of 4 cells have such inclusions. An enlarged 
Inclusion body, girting on the oeQ surface, is shown In 
Figure 3(b); (3) type 2 astrocytes which are GEAP* A2B5 + 
and with a gr™11 nucleus, little cytoplasm and thin long 
processes, representing a major population, (42%); or (4) 
ameba-Iike GflAP" /+w A2B5" cells with a large nucleus 
and cell body, representing 15% of the population. 

We think mat the differenriation events observed could 
be attributed to the combination of two events in cultures: 
(X) the absence of doxycyeline, and (2) the presence of 
feeder cells secreting cyrokines such as bJL6 and hIL3> In 
contrast, feeder cells secreting no transgenic cytokine or 
hCNTF-secrering feeder cells did not induce such a 
maturation process. The oligodendrocytes derived from 
co-cukuring with hH6-secreting feeders seemed to be less 
mature and differentiated than those co-cultured with 
h£L3-secreting feeders. They lack long processes and 
MAG-513 + inclusions on membrane surfaces, the derived 
type 2 asrroeytes also do not exhibit che thin long radial 



processes- Thus, we postulate tfcat the two elpnynrs of 
appropriate cytokines *™A removal of doxycycline provide 
a major tifrerentiation stimulus for the maturation of the 
glial precursors into progeny* 



Discussion 

A novel doxytycline inducible glial 
precursor cell line mimicking primary 
cells 

The data described in me results section suggest 
that doxycydine provides the stimulus for this cell line 
to maintain a cycling precursor stage. Withdrawal of 
doxycydine for a TTiinimal of nine days induced apoptosis 
in the cells. Withdrawal of doxycydine and the inclusion 
of unminsrected or hCr^^secreting feeder cells in rhe 
same culture did not induce differentiation into progeny. 
Instead, cells arrested in a round fiat, A2B5", 513 " /+w 
mtermediare type. Withdrawal of doaycytiine and the 
inclusion of hn*6-secretmg feeder cells in rhe same culture 
for nine days induced the differentiation of this precursor 
cell line into mature type 2 astrocytes and precursor 
oligodendrocytes. The conditions which produced the 
most outstanding effect were the wirhdrawal of doxycy- 
dine and the inclusion of hIL3-secreting feeder cells in che 
culture. The precursor cell line was induced to differ- 
entiate into type 2 astrocytes and more mature oligoden- 
drocytes with detectable MAG-513 + inclusion bodies. 
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Figure 7. Confbcil microscopic photograph* of glial precursors co-culture wiih hTTifaprmfny feeders. A2B5: ml$M anttA2B5 
ph» Morin-G anti-mlgM And TEt-fitxvptxvidxn. 513: mlgG anti-513 and FTTC-G and-ttlgG. GFAP: mlfcG and-GFAP find 

FITC-G anUVmlgC. Ont Scfik bar— 10 pin 



However, the derived oligodendrocytes still retained a 
A2B5+ marker. Ccdturing this glial precursor eeB Unfit 
without doxycydine and with ML3 secreting feeders for 
21 days induced apoptosis in most cells. The few cells still 
left on the coversUp (ca, SO cells) seemed » have become 
mature oligodendrocytes,, since they expressed A2B5~, 
GFAP", Galc% aldwugh such cells seemed also to be 
dead (data not shown). 
Comparable to primary glial progenitor cells, this cell 



line expresses A2B5 + 04~ /+ markers, and can differ* 
enaace into mature oligodendrocytes and type II astro- 
cytes in culture after inductive and favorable culnire 
conditions are introduced, thus they are 02A-like cells. 
However, this cell line has several unusual properties. 
Cells showed a very high background fluorescence when a 
conventional mAb sminfoft procedure was performed for 
immunosttining* An extra step to pre-block non-spedfk 
binding must be undertaken using a high percentage of 
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C2A cell 




M^UIt 8. O) Qmlbcal microscopic photographs of glial precursors co-culture with hIL3-«ecretin£ feedftn. A2B5: mlgM antj- 
A2E5 phis hiotin-G anri-tnl£ta F(ab)*2 rmrl T&-streptRVidIn. 513; mlgG anti-SXS and PlTC-G inti-znl^G. GFAP: mXsG and^jPAP 
aad ETTC-G unti-ralffO. One tt&k bar-lopm. Cb) A confocal microscopic pNmjgraph of gH*l precursor A2B5" 513**" with 
inrlnsjon en out cell surface, eolargad from tte field of the left upper comer of (a) 



protein such a$ PCS. Cells stained positively with OMP, a 
marker normally expressed in rfc$ olfactory neural 
lineage, and they expressed cytoplasmic NF6SKDa* and 
cytoplasmic instead of nuclear Oct-6 + . They were also 
01 + and 010* ; both art markers which are thought to be 



expressed in cells further downstream of glio genesis 
during the development of primary glial cells. 

In this study, the electrophysiological measurmenr of 
these cells using the patch clamp technique has shown a 
membrane potential and current patterns similar to mat of 
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cultured primary glia cells. However, under the current 
culture condition and in the buffer conditions used in this 
measurement; the cells investigated etectrophysioIogicaUy 
were not found to be excitable. Further measurement will 
be performed using cells freshly isolated from nnfmals 
implanted wrth this cell line for a known period (in 
progress). 

Despite the fact that these cells demonstrated unusual 
membrane potential, the results of electrophysiology are 
consistent with other data and suggest chat this cell line is 
possibly of 02A cells. Based OA the electrophysiological 
and morphological criteria of glia, die known glial 
markers expressed, and its differentiation potential 
in vitro* this dozyeycline inducible glial precursor cell 
line seems to correspond to the *02A cell' in the lineage 
development of gfiogenesis, as summarized in a cartoon 
(FigureS). 

Proliferation versus differentiation, 
cis- versus trans-differentiation 

It is unknown how the cells decide whether to stay in the 
stem cell compartment or begin ro $&erenriate» It is also 
not known whether the proliferation and differentiation 
events are coupled or uncoupled events, ie,, whether 
cells stop proliferating and if they do stop proliferating, 
what then happens to such stem cells? Do they remain as 
stem ceUs, or wCl they die* or will they begin id 
difrerentiate? How does the differentiation event occur, 
stochastically or inductively [21]? Such questions have 
long been asked. Using novel approaches to yield results 
such as those described in mis study allows us to address 
the problems at the cellular level* and eventually ^ the 
molecular level 

With this dcocycyclme-dependent glial precursor 
ceE line, whether cells proliferate or arrest m the Gi 
phase can be controlled at wflL Moreover, we have 
demonstrated in this study mat we can regulate the srarus 
of the cell cycle, As shown in the results section, when the 
cells cease to proliferate after withdrawing deoqreydine, 
the cells die. The differentiation process does not occur 
automatically. It is induced by fxfpimnl cytokines 
constantly supplied by co-cultured feeder cells. The 
degree of differentiation and the types of matured 
progeny depend very much on the various kinds of 
cytokines present. Preliminary attempts using an 
approach similar to Kondo and Raff [22], may result 
in ceil types of neuron lineages (dam not shown). With, 
this appiocah, we should be able to further isolate 
irrcermediate cells corresponding to those of glio- 
difrerenuation (Figure 5). It means thai events deciding 
whether cells are at the intermediate stage of differentia- 
tion, or whether they have reached the mature progeny of 
ciSv trans- or re rro- direction, could be determined, and 
expanded as clones (work in progress). Samples can be 
collected kuierically to determine cells and genes of 
interest expressed in particular lineages. Thus, this is a 
very powerful system for analyzing the molecular events 
underlying the direction of differentiation. 

Copyright tf* 2001 J6hn Wiley & Son;, Lrd. 



597 

Future applications in Hie field of gene 
delivery 

Cell lines capable of differentiating into neurons, astro- 
cytes, and oligodendrocytes have been established 
from human, rat, and mouse [23-25]. Among mem, 
temperature sensitive (ts)-SV40Tag immortalized glial 
precursor cell lines from ED 14 mouse brain Were 
established [7-9] and transplanted to treat rat EtBr 
denryelinating lesions, A growth factor-dependent rat 
oligodendrocyte precursor (CG4) was shown to remyelin 
md rut [26^27]* Two of the immortalized cell im« are 
being applied in current clinical trials for treating 
ischemic stroke. A pluripocent tumor cell line isolated 
from testicular terato carcinomas of a metastasis patient 
has been shown to stop proliferating and to differentiate 
into neuronal cells using retinoic acid, to improve 
recovery in an animal model, and is presentry being 
transplanted into patients with lacunar stroke [28-30]. A 
neuroepithelial stem cell irrunortalized with &-SV40 T 
antigen has been shown to have positive effects on the „ 
sensory neglect and motor asymmetries in a rodent model 
[31], and is currently undergoing rtmiral trial ha the UK. » 

The cell line established and described in this commu- 
nication is different from the published cell lines, in that it 
is inducible to proliferate under the control of external 
sign^iojrycycline tn vitro as well as in vivo. When cells 
are grown in the presence of doxycycline, either in culture 
medium (in Results section} or implanted into mice and 
fed with doxycycline containing drituong water, the cells 
will proliferate, Without doacycydine in culture (in 
Results section), or in the drinking water, cells stop 
proliferation (work in progress). Further characterization 
of the biological properties and function of this cell line 
in vitro an4 in vivo is in progress. We also predict that this 
cell line may provide a tool for identifying and 
characterizing novel genes involved in cell division and 
the various steps of glio-genesis. It may also have an 
application in the delivery of cell-based neurotrophic 
factors to the CNS conditionally, for treating neurodeg- 
iierative and other diseases, when factors are used as the 
transgene On progress). 
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Abstract 

We report here a partial characterization of a "ttt-Oa" glia 02A precursor cell line established from the reverse ifetracycime* 
tjaasacdvaxor (rtTA)-SV40 T antigen (Tag) double transgenic mice. In culrurc, withdrawal of doxycyclinc prevents prolifferation 
and the cell Ene undergoes apoptosis. Importantly, differentiation into type-2-astrocytes and ohfiodendrocyks can be induced when 
the cell line is cultured, in the absence of doxycydine, and with, epithelial stem cell lines secreting hIL3 or hlLS. In contrast, do 
maturation into progeny was observed when a hCNTF-secreting cell line was used as the co-culture partner under the same con- 
dition. In order to address the question of whether the morphological distinct cells — spindle and stellar shaped cells are of a similar 
or different cell types, we have performed cell size analysis of these cells by FACS and electro-physiology measurement by the patch 
c lamping technique. They are of a similar eeU size but posses distinct dectrophysjotogjcal properties — spindls cells are less mature than 
the stellar ceDs. These tet-on glia 02A precursor <xDs were implanted to sites of transected sciatic nerve of adult mice and kept in the 
precursor stage by feeding mi ce with' dbxycycHne co ataming drinking water. The toe movement of injured foot was measured every 3 
weeks and the electrophysiological property of motor neuron was determined, three months after the operation. Preliminary data have 
shown that these tet-on glia precursor-cells are not toxic to the Boplanted hosts and can ™hanr* the recovery of damaged motor nerves. 
_ ©'2002 Elsevier Science Ltd. AH rights reserved. 

SStywordc tet-on OlA glia precursors; Ekctro-physioloBy 



1. Introduction 

Having the property of self-renewal, stem cells offer 
the promise of lifelong repair of damaged tissue. How- 
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ever, somatic tissue-committed primary stein cells are 
rare and difficult to expand in vitro. Genetically mod- 
ified .stem-like cells with the ability to expand con- 
ditionally provide a valuable tool with which to study 
stem cell biology. In addition, the cells may be appro- 
priate candidates for establishing an wwmnl model for 
designing therapeutic strategy and clinical applications, 
Neuronal-glial pluro-pptent stem cells of rodent and 
human embryonic origins can grow in the sphere form 
at the presence of growth (actors. However, human 
adult neuronal stem cells are difficult to expand under 
similar culture condition, Moreover, after the pluro- 
potent stem cells committed to* neuronal lineage, 
expressing adrenergic or dopaminergic lineage markers, 
either at the precursor stage or at downstream mature 
neuron stage, are unlikely to be expanded and kept in 
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the proliferative and/or non-apoptotJc condition. U is 
postulated that glin cells may play tin important role U> 
support the expansion, survival and function of such 
(precursor) neurons. It would be highly desirable to 
establish an universal supporting glia cell line for such a 
purpose. In this communication, we further characterize 
a doxycycline inducible (tet-on) glia precursor cell line 
in vitro and in vivo, which has- the capacity to differ- 
entiate into mature astrocytes and (precursor) oligo- 
dendrocytes. In preliminary attempts, this cell line has 
shown promising capacity to enhance the repair-regen- 
eration of damaged adult peripheral neurons when 
implanted in vivo. 



2. Materials and methods 

Double transgenic mice "of NMRI straw, possessing 
SV40 Tag and under the control of the reverse tetra- 
cyelme-transactivator (rtTA), were used to establish cell 
lines. A brain cell Kne was partially characterized in 
vitro by morphology, immuno-staining and confocal 
microscopy, cell size determination, and electro-physi- 
ological methods using the patch clamp technique. 

2.1. Invnuno-stamiiig of cells and confocal microscopic 
image analysis 

To measure the epitopes expressed in the glia lineage, 
we performed immuncHflaorescent labeling with anti- 
bodies and evaluated using confocal microscopy [1], 
Cultured cells on coverslips were fixed with 4% para- 
formaldehyde in PBS at room temperature (RT) for 30 
muv Tney were washed twice with PBS (in. between 
steps), nonspecific binding sites were blocked with 2% 
FCS (Fetal Calf Serum) in PBS at RT for I h, then 
stained with the following antibodies to identify several 
epitopes of glial lineage: 515: mlgG anu-513 (gift of J, 
Trotter, 1:20 dilution) and FlfC-goat (G) anti-mlgG 
(Jackson, West Grove, 1:100 dilution}; A2B5: mlgM 
anti-A2B5 (Boenringer, Maimheim* 5 ug/ml), biotin-G 
anti~mI$M F(ab)'2 (SB A* Birmingham, 1:100 dihxrion) 
and Texas Red CrH)-^treptavidin (Amersham, Amer- 
sham, 1:100 dilution; GFAP: mlgG antj-GFAP (glial 
fibrillary acidic proteins, Boehringer, Mannheim) and 
FTTC-G anti-mlgO. Afterwards, the cover slips were 
embedded in MovioJ containing 100 ug/ml DABCO 
(Vectashield, Sector, Burlingame), ' 

Inunimo-nuorescence was evaluated using confocal 
scanning laser microscopy. A Leica DM IRBE micro- 
scope equipped with a 63 x Plan Apochrornate objective 
was used in this study. Analysis of the antigens, stained' 
by using the TR- and FITC-labeled secondary anti- 
bodies was performed, by using the TRITC- and FITG- 
fittings at a pinhole size of 0.45. Relative amplification 
of the FITC and TRITOemissions was 1:0.97, Laser 



excitation eoergy and amplification of FITC- and 
TRJTC-cmksions wun: [cfi con«t(int within each experi- 
ment to allow the comparison of different samples. 

2.2. FACS measurement to estimate cell siie 

Cell si2e analysis was performed on living cells har- 
vested after trypsmizatioEu Flow cytometry analysis was 
performed on FACScan (Becton Dickinson). 

A total of 20 000 cells in each sample were acquired. 
FSC (Forward Scatter Count) histogram plots are 
shown for each cell sample, overlaying the parental cell 
line. For each cell clone, the percentage of cells in region 
Ml (18CM40 FSC units), and in region M2 (440 and 
1000 FSC units) was estimated. 

23 » Tran&nic glia, precursor cells with cytokines 

Construction of plasmids coding . for hIL3 (human ' 
Interleukine 3), hIL6, hCNTF (human Ciliary Neuro- 
Trophic Factor), the transgenic insertion of plasmid, 
selection of positive stable insertion clones, and the 
measurement of secreted cytokines in culture super- 
natants have been described [2]. 

2.4. Patch clamp technique to measure membrane 
currents 

As previously described [1,3], cover slips with adhered 
cells were placed in a chamber mounted on the stage of 
a Zeiss microscope (Axioplan, Zeiss, Oberkocfaen, Ger- 
many) and fixed in the chamber using a U-shaped pla- 
tinum-wire for electrophysiological recordings. The 
chamber was continuously perfused with HEPES bnf« 
fercd* bath solution and substances were added by 
changing the perfusate. Membrane currents were mea- 
sured with the patch-clamp technique in the whole-cell 
recording configuration [4], Current signals were ampli- 
fied (EPC-9 ampli&er, HEKA, Lambrecht, Germany), 
filtered at 3 kHs; and sampled at 5 kHz by an interface 
(HEKA) connected to a PC system which also served as 
a stimulus generator. AH patch clamp data analysis was 
performed using the WinTida software package 
(HEKA). The resistance of the. patch pipettes was 5-6 
M. Tne bathing solution contained (In mM) NaG» 150; 
KCi, 5.4; CaCl* 2; MgCfe, V; HEPES, 5; and glucose, 
10. The pH was adjusted with NaOH to 7 A. The pipette 
^solution contained' (in mM) KCI 130; CaGb, 0.5; 
EGTA> 5; MgCl 2 ; HEPES, 10, Ca z+ activity was cal- 
culated to be approximately 11 nm. The pH was adjus- 
ted with KOH to 12. 

2.5. Sciatic nerve injury and implantation of cells 

Twelve-14-week-old'NMRI mice, are used in this 
study. The mice were anaesthetized with Fontanyl 
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citrate fluanisone and left side sciatic nerve was trans- 
ected using a scissors [5]. 02A precursors were seeded 
onto a denuded brain (DEB) tissue. The condition of 
cell seeding is ca. 1x10* ceils/cm 2 of DEB in a petri 
dish, filled the cell-DEB tissue with a minimal amount 
of RPMI 1640 medium with 10% PCS and at the pre- 
sence of 1 [ig/ml doxycycline. The cell-DEB tissue waa 
incubated overnight in a 37 e C incubator and trans- 
planted into the site of sciatic nerve injury before the 
closure of the wound. 



trodes placed over the belly of ihe anterior tibial muscle 
and at the ankle. Shape and amplitude of the potentials 
did not change when the recording electrode was moved 
to the gastrocnemius muscle; this indicated that the 
recorded potential was the combined extensor and 
flexor muscle potential. Peak-to-peak amplitudes and 
the motor latencies were measured. All stimulation and 
recordings were done with a key-point electro- 
myography (Dan tec, Copenhagen, Denmark). 



23.2. Feeding with doxycycline containing drinking 
water 

In order to keep the implanted cells in the proliferat- 
ing precursor coll stage, mice were given drinking water 
containing doxycycline 20 ug/ml dissolved in 5% glu- 
cose, following the protocol described in [6], It started 2 
}days after the implantation and continued through the 
entire experimental period. 

2J3> Score of toe movement of the injured foot 

Every 3 weeks, the experimental mice were lifted in 
the air, then let run freely. The degree of toe-bending 
and movement was recorded. The range of movement is 
scored arbitrarily as I, 25, 50, 75, and 100° comparing 
to the non-transected side of the toes. In details, 1° 
means that toes were straight, with no movement. 25° 
that toes could bend very weakly, with minute 
' movement. 50° r?fc*p« that toes could bend gently, with 
slight movement. 75° means that toes could bend but 
with some difficulty, but easy movement, and 100* is 
that toes could bend freely, with full movement. The 
means for each group of mice were calculated and dif- 
ferences were tested with Student's r-test 

23 3. In vfvo etectroyhysiology 
| Electrophysiological measurement was performed 3 
months after the operation, following the procedure 
described earlier [7]. Hie mice were lightly anaesthetized 
with Fentanyl citrate fluanisone to suppress voluntary 
activity and pain reactions to needle insertion. A con- 
centric needle electrode (0.5 mm diameter) with a lead- 
off area of 0,03 nun 2 was advanced through the lateral 
abdominal wail to the right diaphragm, and the clectro- 
myogram was recorded. Care was taken not to record 
from inter-costal muscles and not to penetrate the dia- 
phragm, • For each mouse, 5-15 -inspiratory bursts 
recorded from at least two sites were analyzed; dura- 
tion, maximal amplitude, and number of negative spikes 
of at least 30 uV amplitude were determined. The means 
for each group of mouse were calculated and differences 
were tested with Student's f-test 

Compound action potentials of the calf muscles were 
elicited by supra-xnaximally stimulating the sciatic nerve 
at* the sciatic notch through non-insulated platinum 
needle electrodes and were recorded between two eleo 



3, Result? 

We report the partial characterization of a cell Une 
with two distinct cell morphologies (Fig* I) derived 
from the brain tissue of rtTA-SV40 Tag transgenic mice. 
Analysis of the cell fate and antigen markers have indi- 
cated that this cell line mimics some aspects of primary 
02A glia precursors, as^drawn in a cartoon (Fig. 2 [8]). 
Cell cycle progression' of this cell Hue is doxycycline- 
dependent [I], 

3.1. Progenies matured upon co-culturing of 02 A 
precursors witk cytokkie-secretfnz feeder cells 

In order to address the question of whether these 
precursor cells can differentiate into mature progeny in 
culture such as oligodendrocyte, type 2 astrocytes, or 
type i astrocytes (Fig. 3, left panel)* we perform ten 
different cell co-culture conditions. Morphology of 
mature cell progenies and the percentage of mature cells 
in each set of culture stimulation are summarized in the 
right panel of Fig. 3. In the absence of doxycycline, 
02A precursor glia cells become apoptotic, and no 
mature cell types can be found (culture condition 1), 
Co-culturing these cells With epithelial stem cells alone 
and with/without doxycycline in culture medium, no 
mature cell types are found neither (culture condition 2» 
and 6). . When hCNTF-seereting epithelial stem cells 
served as. feeder cells, they do not induce the 02A pre- 
cursors to mature into progeny cell types (culture Con- 




KS. !. Cell division patwra: the picture wsk drawn baaed on tfie 
morphology of the two cell type* observed under th« mkropcopc 
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dition 3 t and 7). Differentiation into (precursor) oligo- 
dendrocytes and mature astrocytes can be induced upon 
withdrawal of doxycycline and addition of epithelial 
stem cells secreting cytokine such as hIL3 (culture con- 
dition 5), or hILS (culture condition 4) to the culture. 
The percentage of mature cell types varies from 32 to 
42% for oli godendrocytcs and type 2 astrocytes* and 15 ' 
to 19% for cells with morphological characteristic of 
type 1 astrocytes. 

3*2, Cell size measurement by FACS analysis 

In culture, two types of cells could be observed under 
the microscope: (1) flat cells with a round cell body 
(drawing in Fig. 1, left) and (2) long cells with an elon- 
gated thin cell body (drawing in Fig. 1, right). In order 
to determine whether these two types of cells are of the 
same or different size, we perform the FACS of the living 



single cells after the cells detached from petri dishes 
into suspension by trypsunzauon* The cell size of 
four different transgenic cell clones, which contain 
GFP (Green Fluorescent Protein), hCbJTF> hIL3, and 
hIL6\ was compared to the parent cell line (Fig. 4). 
The data show that hCNTF- and ML3-02A cell 
clones (Panels B and Q display more small sized events 
than the other two transgenic cell clones* GFP- and 
hIL6- 02A (Panels A and D)» which are possibly of 
debris and/or apoptotic bodies, With respect to size, the 
data also show that two subsets can be distinguished in 
all cell clones, one in region Ml (180-440 FSC units), 
and one in region M2 (440-1000 FSC units); the pro- 
portion of cells in each size region differs depending on 
the cell clones. Cell clones GFP-02A and hIL6-02A 
(Panels A and D) are very similar to the parental cell 
Hnc 02A. Cell clones hCNTF 02A and hIU-02A 
(Panels B and C) exhibit relatively more cells of the lar- 



PAGE 35/41 * RCVD AT 3/27/2006 8:45:50 PM [Eastern Standard Time] * SVR:USPTO€FXRF-6/32 * DNIS:2738300 * CSID:202 393 5350 * DURATION (mm-ss):1 1-54 



— MAR. 27. 2006— 9:09PM -JACOBSON HOLMPN PLLC 



NO. 477 K36 



C. Etmrhdiunv el at.fJnitrmtt u[ Phy.ifofaxy • Furiv W f-W?j JJN 



A. (precursor) oligodendrocyte 




513+&A2J&5-/+ 



42 



» r- 



VI 0 2 J 4 * 
Co-cxillur* asn 



B. type 2 astrocyte 




GFAP+&A2B54- 




C type 1 astrocyte (?) 




GFAP-/+&A2B5. 



1 . no feeder cells - Doxy 

2. feeder cells only - Doxy 

3. hCNTF-feedcr cells - Doxy 

4. hILMeeder cells - Doxy 

5. ML3-feeder cells - Doxy 

6. feeder cells only + Doxy 

7. hCNTF-feeder cells + Doxy 
g, hlL6-feeder cells + Doxy 

9. hlLS-feeder cells + Doxy 

10, no feeder cells + Doxy 

Fig. 3. Left pancL ConfbcaJ microscopic photographs of three mature cell types derived from gtfa. precursors alter CO-CUJtUTfi with hIL3 secretins 
feeders, A235: mlsM wsti^A2B5 phis bioria-G stnti-mlgM F(abY2 and TR-itrepuvidm. 513: mlgO 4nti-Sl3 and FTTO-G anti-mlgG. GFAP: 
mlgG anti-GFA? and FITC-G aati-rnliG. One scale blr - 10 f*m. 3(A) (precursor) oligodendrocyte: a confoeaj micTWeopic photograph of £fia 
precursor A2B5* and 513 * with mydio-lite inclusion on cell surface. 3(B) type 2 astrocyte: a. photograph of x siar shape eel! possessing GFAP + 
and markers, called type 2 astrocyte. 3(Q type 1 astrocyte: a large irregular shape eel) possessing GFAP* and A2B5-nurkeTB> possibly of 

rype 1 astrocyte. Right panel. Percentage of Feature gha ceD types found in culture containing various land of (cyiokine-secretirj s) feeder cells. Th« 
10 different ceD co-culture conditions arc listed ex lower right comer. 
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Fig. 4. Cell beze djctribuiioa ui FACS tgehaiqpo, feme! A: CFP-02A, Fane! 3: hCNTF-OOA, Pbbb) C; UL3-Q2A, and Panel Dz hTL6-02A, dtsh , 
doti in all panel*: 02A, M "mean value. 



ger size. In all events, the cdl population of different 
transgenic insertion has the same size range. Thus the 
total cell-surface area and possibly the cell volume? axe 
similar de$pite the morphological distinct figure of these 
two kinds of cells. 

33. Electrophysiology measurement in vitro using a 
patch clamping Technique 

In order to differentiate these two cell types, they were 
further analyzed using the patch clamp technique. Cells 
were grown on coverslips instead of plastic petri dishes. 
The thin long cells were the majority under culture 
conditions, where proliferation had been stopped 2 days 
before the electrophysiological investigation by with- 
drawing doxycycline from th& culture medium. For 
measurement, cells were growing on un-coated glass 



coverslips* Unlike primary glial cells freshly isolated ' 
from mice* cells of this Hne did not grow well on poIy-L- 
lysme (PLL)-coated coverslips. The non-proKTerating 
cells adhered slightly better on PLL-coated coverslips, 
and on such coverslips, the long thin cells seemed to 
occur more frequently. 

Besides the morphological differences, electro* 
physiological differences between the different cell types 
could be observed among 40 cells examined, but the 
patterns did not correlate to 100%. The cells displaying 
a long thin morphology did exhibit activating currents 
in some cases (Fig. 5, Panel Q. The flat cells exhibited a 
passive conductance (Panel D) sometimes displaying tail 
currents. In total, five cells displayed significant tail 
currents. The cell shown in Panel A was patched with a 
pipette solution containing lucifer yellow, In Panel B b it 
shows the- coupling of the two cells. In addition, the 
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Fig. 5. HeeirophytioJogical properties of the eel) line in vitro: Panel A. A thin Ions call and a round flat cell ore shown being patched for dectro- 
physiological property. Only the thin long cell was patched with a pipette containing lucifer yellow in the solution, Puts] S. the coupling of a thin 
long cell and 1 neighboring round Set cell (of Panel A) i* ihnWn, Ludfer yellow Was used as an indicator to inject the thin long cell Panel C The 
current pattern of the thin long cell patches In Panel A (and Panel B) is shown. The pattern has outwardly rectifying properties. In the pipette, Ce 1 ** 
and* TEA were mdnrW jo. the solution in order la btoclc passive potassium-conductance of [he cell. Panel D. A round flat cell is shown being 
patched. Insert in Panel D: lO^enlargement of the picture shows tfist this eeU expressed a delayed rectifier current It shows that depdarixbs and 
hyper-polaxfedTLg voltage pomps resulted in synunetrical currents with no apparent time-dependence. 



pipette solution contained Cesium** (Cs" 1 " 2 ) and tetra- 
ethyl-amftioniugi (TEA) to block passive conductance. 
The data imply that gap junction channels may be 
responsible for the coupling of these two ceils, allowing 
the intercellular spread of lucifer yellow. The molecular 
nature of gap junction channel will be analyzed in the 
near future. 

This long thin cell expresses a delayed rectifier current 
(inset Ln Panel C). All cells investigated eJectro-physio- 
logically were not excitable. The expression of mainly 
passive currents, delayed and inward rectifier currents in 
some cases and the existence of call current points to 
gha properties of these cells. In addition some of the fiat 
cells do show an oHgodendrocyte>like morphology. The 
electro-physiologica? data are consistent with other cel- 
lular analytical data ([1] and above), and suggest the cell 
line being derived from 02A glial precursor cells 
(drawing in Fig. 2). 

3,4. Role oftet-on glia precursor cells in vivo 

In order to test whether this cell line possesses the 
capacity to interact with neuron, by influencing the 
degree of repair of damaged motor neuron, we decided 
to use the injured sciatic nerves of adult mice as the 



study model- Sciatic nerve of adult mice were transected 
mechanically using a scissors, and 02A glia precursors 
seeded onto DEB (Denude brain) tissue were implanted 
in situ before the closure of wounded sites. Mice were 
fed with doxycycline in drinking water [6] in attempting 
to keep the tet-ou glia precursor cells in the proliferating 
and non-differentiated stage [1]. The moving behavior 

Table I 

Hie effect of implanted 02A precursor ceDs an the degree of toe 
movement after sciatic nerve injury 

Time point* Arbitrary degree of toe movement* 

Cells implanted No, cells implanted (control) 

Mouse no. 

12 3 4 Mean 5 6 7 8 Mean 

1 HiTsftToolij i i 1 i i 

2 25 75 75 75 62.5 25 1 50 75 37.5 

3 75 50 75 100 75.0 25 25 75 50 43-7 



' P: toes were straight, with no movement; 25 s : toes could bend 
very weakly, with minute movement; 50*; toes could bend gently, with 
flight movement; 75*: toes could bend but with some difficulty, with 
easy movement; 100*: cocs could bend freely, wipi full movement. 

b A 3-week period was separated Tor each measurement. 
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of mice was monitored and recorded periodically for up 
to 3 months. Besides the handicap leg, no obvious suf- 
fering or abnormal behavior was observed in these two 
groups. As shown in Table 1, arbitrary units were 
designated to quantify the degree of toe bending and toe 
movement in injured and control mice. It was scored 
between the group of mice receiving glia precursor cell 
implant and those receiving no cell implant- After the 
operation, the toes of the group of mice receiving cell 
implant seemed to move better than those receiving no 
cell implant— a 52.7-fold higher score' at time point 1. 
The transected sciatic nerves in both mouse groups 
recovered with the time. But the degree of toe move- 
ment of the group of mice receiving cell implant was still 
higher than tho$e receiving no cell implant, Le., L 67- 
fold at tiTnft point 2, and 1.71-fold at time point 3. Stu- 
dent /-test has revealed values of 0.017, 0.07 and 
0.014, indicating that there is a difference between these 
two groups. 

Electro-physiology of motor neuron was measure 3 
months after the operation. As shown in Fig. 6, the 
percentage of recovery of two groups of mice, with and 
without implantation of glia precursors were compared. 
The mean values ± Standard Deviation (S.D.) of both 
group were calculated to be 44 JO ±42.69 for the group 
of mice implanted with glia cells and 21.75&29.32 for 
the control group of mice with no cell implant, There is 
a 2-fold difference of the group with cell implants and 
with no cell implant, in terms of the recovery of the 
electro-physiology activity at this particular time point 
These data match well with the behavior data of toe 



bending and movement (Table 1, time point 3). The 
Mesi was performed and revealed to be .P=0.413 with 
two sample f-test; or P= 0.366 with Wlcoxon rank sum 
test. 

These preliminary results imply that cell implant 
helped an earlier and freer toe bending and movement 
during the earlier stage of recovery from sciatic nerve 
injury. It appeared also an enhancing effect to improve 
the movement However, sciatic nerve injury recovers 
automatically, so that -at the later stage of recovery, 
there is no drastic difference between these two groups. 



4. Discussion and conclusions 

The differentiation of this 02A glia precursor line 
does not occur automatically in culture. Withdrawal of 
doxycycline from, the culture medium removes the pro-* 
liferation and induces a fatal outcome. Two events, 
withdrawing doxycycline from culture and additional 
external help from the cell-based delivery of cytokines, 
are required for this cell line to differentiate into pro- 
genies. 

In this communication, two aspects of questions 
addressed are— how do the tet-on 02A precursor cells 
behave in culture and in animal? 

4.1. In culture 

In this study, the method to measure membrane cur- 
rents was the patch clamping technique. It has revealed 
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fine details of these two types of 02A glia precursors. 
The spindle shape cells appear to be the immediate pre- 
cursor of the stellar shape cells, when comparing the 
results of this cell line with that of primary cells freshly 
isolated from animals. The coil-cell coupling is viable 
using a dye—4udfer yellow. The molecular nature of the 
channel of membrane communication remains to be 
elucidated. 

In culture, the precursor cells can mature into pro- 
geny— oligodendrocytes which contain 513 + myelins 
like inclusion body and type 2 astrocytes. This differ- 
entiation event occurs if the cell* stop proliferation by 
removing doxycycline and culture together with hEL3- 

* ' or hIL6-secreting feeder cells. The mature cells -are 
characterized using immuno-flnorescent staining and 

I confocal microscopy. The question of whether the 
derived progeny possesses a similar electrophysiological 
Oproperty as the counter part of primary astrocytes and 
oligodendrocytes remains to be answered. 

42. In animal 

It has been documented that one type of mature glia 
cells, U., astrocytes, secrete a rich panel of soluble sub- 
stances such as CNTF t GDNT> cytokine, neuro-trans- 
rnitter, etc [9,10]. These cells also express a variety of 
receptors and ion channels [11-13]- It is unknown whe- 
ther the 02A precursor glia possesses a similar property 
and secretes substances of similar kinds. The amount of 
soluble molecules secreted from this cell line is, how- 
ever, not in a sufficient quantity to be detected in culture 
supernatant using conventional ELISA assays (data not 
shown). RT-PCR. using primers coding for a wide range 
of genes for soluble molecules is recommended in the 
future experiment? to determine the nature of such secre- 
ted molecules from this cell line, It is also well documented 
Othat ^-neuronal interaction plays a critical role in the 
^repair and regeneration of damaged neurons. 

To study gSa-nerve cell interaction,, we have chosen to 

* investigate whether the tet-on 02A precursors have an 
effect in peripheral nerve repair using adult syngenic 

* mice as the animal model. The assumption is that either 
1 the glia precursor itself or the array of secreted soluble 

substances can modulate the repair of transected sciatic 
nerve. To use syngenic mice as hosts for implantation, 
we avoid the complication of immune rejection of 
implanted cells. We show that there is a difference of toe 
movement between the group of injury mice receiving 
cell implantation and the control group of injury mice, 
which did not receive the cell implants. The glia cell 
implant seems to improve the degree of toe bending and 
movement of the transected mice as judged by using the 
behavior assay. However, the transected peripheral 
nerve can regenerate with the time and there is an 
extremely higfr degree of variation of recovery among 
individual mice using the electrophysiological assay. 
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Statistically it becomes difficult to show a drastic 
improvement of toe bending and movement between 
these two groups and/or higher electro^physiology value 
of the leg muscle in injured mice due to cell implants. 

However, from the 'strategic point of view, in 
attempting to use cells for implantation in vivo for 
therapeutic purposes, it becomes important to address 
questions such as, whether the candidate cells are toxic 
to the arumal? Whether the cell implant inhibits the 
recovery of transected sciatic nerves? To both questions, 
this tet-on glia precursor cell line is neither toxic to the 
experimental hosts, nor inhibitory to the recovery of 
damaged peripheral nerves of the host animals. These 
are very valuable observations, since another epithelial 
cell line secreting a transgenic growth factor was shown 
to hinder the recovery of injured facial nerve in another 
set of experiments (U. Chen, H. Schmalbrueh and M. 
Sendtner, unpublished data). 

How do these 02A glia precursor cells behave in 
vivo? When doxycycline is included in the drinking 
water for mice, what is the fate of such cells? Do these 
tet-on glia precursors remain in the precursor stage, or 
do they differentiate into mature oligodendrocytes and 
astrocytes in the microenvironment of the damaged 
sciatic nerve? Is the preceding of cells to DEB for 
implantation really required? Which cell types of the 
glia lineage and/or their derived substance contribute to 
the enhanced recovery effect? What will happen if dox- 
ycycline will not be included in the drinking water? Such 
questions need to be addressed and investigated further- 
Mechanical transect of sciatic nerve requires intensive 
and excellent surgical operation. Also, a large number 
of mice and various transgenic cell clones are recom- 
mended for each set of experiment to address each 
above question and to obtain results with statistic sig- 
nincancy. Because of such technical consideration, we 
are undertaking the task to breed mutated a n i mal , for 
example, prm (progressive motor neuronopathy) mice 
[141 as the alternative models. 

In summary, we have shown in this communication 
that the tet-on 02A glia precursor cells consist of a 
spindle-shape precursor cell type and a stellar-shape 
immediate progeny cell type. In vivo, these cells are not 
toxic to the implanted animal, and can somehow enhance 
the earlier recovery of the toe bending and movement 
caused by peripheral nerve injury in adult mice. 
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